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Jones Polynomial . Laertes modell knots in 3-mfd,

Gwen a knot projection to 2-din plane 4 only simple crossings
'

g only simple max / min
of the height fn .

~ Remove the crossings
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g maymin .

We're

left y finitely many pieces . Label the
pieces by tf- .

Then introduce variable
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get local factors for all possible labeling 's multiply Nagy
,lift tis tical mech .

Then Swm all
the products together.

The sum B a Laurent polynomial in qlk .
we call this the Jouespdgnomidi
Claim : It is independent of the projection .

'

g thus

a ( framed ) knot invariant .

Framing = trivialization
of the normal bundle to

the knot

The framing does depend
on her projection but that

just introduces powers of q
in front : q

"

J LK)

Jones poly can be defined for any lie group
G 's representation R .

e.g . G -- S UG)
,
R -

- spin 's rep .



In 1988
,
bitten

, y advice from Atiyah false , a challenge
from Atiyah,Ifound a description of Jones paly why think)

z-din gauge theory. let G -
- gazeJp , A- gauge Auld .

on M
3 Gonneckinn )

(lain .
The only gorge-

invariant f
" of A that can be written as

integration ever M by some local expression (assuming no

structure an M other than ostentation ) is the

Chern -Samons functional : Need G -bundle to be trivial .

( or action )
If G -- Sulu

,

it a hays is .

↳ CAI e Ya Jµ7r(AndAt } AnArt) .

It is an invariant
,
mad 2 a Z
-

Partition Function of Chem Simms barge theory on h!

2-KIM ) -- ta Juexplikcs HH DA

KEI sfwa of all connections

2 suppose .

M needs to be framed



To intr. due a knot K : use holonomic of A .

pick irrep R on k I define Wilson leap operator :
c-path ordering

Walk ) -- Trap exp §KA operator
Transport

def: Gaur M
,
K
,

still need framing on M t k.

ZIM , Ki RI -- I.ifuep likes IAD . Walk) DA

Does this make sense ? Apparently , the litmus test is
renormalization

to define it quantum mechanically .

This has to do w/ counter

terms g an.makes .

Comment : usual CS can
't be renormalized . Is that tree

?

-
If M = IRS

,
R - he 2dm rep ,

then Zk Mile , RI is the Jones
poly

evaluated at
q= exp (Zeil ( te tu ) . Ranging over all k gales enough

info to write down the Laurent poly .

Claim : Ah I 53 are very similar in this
situation

.

Just mad

at
gauge

transformerKang arch don 't fix d .

The answer

defers by nel (G) uhrh is indep of K
.



But if M =L N or 53
,
it turns out that for mostM ,

the 7h 's only depend on k I don't
have natural continuations to

f " f q , yo losing some 3-dim symmetry , e.g it may depend

on the projection of the
knot

.

-

S, the expectation rakes of the Wilson
"

operators in IR
)
are special.

This means that perhaps this Clara Simons approach is not

very good or at
least

,
ideas 't generalize to other 3-mfds .

MnemwlyCSBbad#eeted
ht G - DUH

, persists in spacetime :
have some material like

paper

=
F n * F

-
l l

4)meting
.

idk dt t ) ( localespress .ms/d3xdt
world
volume
of material

L - tdxdtI don't see t Jbmdmthe point here .



Seems like the boundary B an issue?

Even if our 3 -
mfd W has as boundary

,
A is a U -H) conn ,

I e- '
we

k

Ai Jj Ate d) x is defined mad 2 a

But we may get something better defined :

Use fact that all dead 3- mfds are the b-day
of some 4 - on fd .

5 , say
M "

'

s J M -

- W .

At Fiji J ; Aj - Jj Ai . Replace
I af

I -- ⇒mqiikl Fi, Fae d4x .

This is completely gauge invariant 3 is well-defined .

Moreover : I = I@ad2af.upIh.f
: If u

find the night 4 -d TQM ,
we can

get a more
satisfactory explanation of why the Jones paly

om 't limited to integers k but extend t. q .



Challenges : we have an identity :

Jw Tr (And A t } An An A) Iihf)
the RHS is indep of

metric but is

"

too degenerate
"

seems the idea is :
A physical supersymmetric thing

is strongly coupled i is hard to understand directly .

It is constrained by an
associated topological field

theory .

I think physical them means we have a metre
,

tapolog.tn/meansitisirdepndut.fnef#
Some work done to understand the Chem -

Simons path

Integral which makes
analytic confirmations evident.

° Khara nor homology (categorization
of the

Jones polynomial)

o Volume conjecture


